Purpose The purpose of this study was to conduct a longitudinal examination of cognitive complaints and functional status in patients with chronic fatigue syndrome (CFS) alone and those who also had fibromyalgia (CFS/FM). Methods A total of 93 patients from a tertiary care fatigue clinic were evaluated on four occasions, each 6 months apart. Each evaluation included a tender point assessment, and self-reported functional status and cognitive complaints. Results Patients with CFS/FM reported significantly worse physical functioning, more bodily pain, and more cognitive difficulties (visuo-perceptual ability and verbal memory) than patients with CFS alone. Over time, bodily pain decreased only for participants with CFS alone. Verbal memory problems were associated with more bodily pain for both patient groups, whereas visuo-perceptual problems were associated with worse functional status for patients with CFS alone. Conclusions This study adds to the literature on functional status, longitudinal course, and cognitive difficulties among patients with CFS and those with CFS and FM. The results suggest that patients with CFS/FM are more disabled, have more cognitive complaints, and improve more slowly over time than patients with CFS alone. Specific cognitive difficulties are related to worse functional status, which supports the addition of cognitive difficulties to the FM case criteria.
Introduction
Chronic fatigue syndrome (CFS) is an illness of unknown etiology associated with significant disability; characteristic symptoms include profound fatigue for greater than 6 months' duration, impaired memory or concentration, sore throat, tender lymph nodes, myalgia, arthralgia, headaches, unrefreshing sleep, and post-exertion malaise [1] . Memory impairment is common among patients with CFS, reported by 75 % on average (range 62-89 %) [2] [3] [4] . Self-reported attention-concentration difficulties also are common, experienced by 86.6 % of patients on average (range 67.5-100 %) [2] [3] [4] [5] . In addition to these studies of symptom prevalence, other studies have reported symptom severity. For example, patients with CFS rated impaired memory severity as 63 out of 100 [6] , mental fatigue as 14 out of 20 [7] , and cognitive failures as 58 out of 100 [8] . Moreover, a number of studies have demonstrated significantly more self-reported cognitive problems among patients with CFS compared to healthy subjects [9, 10] . When these studies are considered together, there is consistent evidence that the majority of patients with CFS report significant difficulties with cognitive symptoms.
CFS and fibromyalgia (FM) often co-occur: FM is characterized by widespread pain, and like CFS, is also a diagnosis of exclusion. Prior to the current diagnostic criteria for FM published in 2010 [11] , FM was defined by a history of widespread pain and pain in 11 of 18 tender point sites on digital palpation [12] . The current FM case criteria involve widespread pain and symptom severity above a significant level for at least 3 months [11] . These FM criteria overlap with the CFS case criteria: Fatigue, headaches, unrefreshing sleep, and impaired cognitive functioning are common to both [1, 11] . The comorbidity of FM-based on the previous 1990 case criteria [12] among those who meet criteria for CFS averages 53 % (range 15.6-80 %) [3, [5] [6] [7] [13] [14] [15] . The variability in FM comorbidity among persons with CFS may be due to multiple factors such as sample selection and case ascertainment methods. CFS and FM may share common pathophysiological mechanisms, such as a high degree of central nervous system sensitivity to sensory stimuli [16] .
Cognitive difficulties, including memory and concentration difficulties, are among the symptoms shared by CFS and FM case definitions. Studies of patients with FM have found self-reported cognitive difficulties to be common [17] . Memory impairments were reported by 60 % of patients with FM [18] , and mental confusion or concentration difficulties were reported by 76 % [18] to 91 % [5] . With higher scores reflecting less cognitive impairment, patients with FM rated concentration symptoms as 2.3 out of 5, and memory symptoms as 2.4 out of 5 [13] .
In the studies summarized above, the goal was to characterize the cognitive complaints of samples with CFS or with FM. Few studies have assessed FM in patients with CFS, which is the focus of the present study, or CFS in patients with FM. Two previous studies have examined self-reported cognitive functioning among patients with CFS compared to those with CFS and FM. The CFS/FM sample in a study by Ciccone and Natelson [7] reported their level of mental fatigue as 16 out of 20, which was not significantly different from level reported by patients with CFS only. Patients with CFS/FM in another study by Brown and Jason [6] reported impaired memory that was rated 65 out of 100, which again did not differ from the level reported by patients with CFS alone. Taken together, in the studies of cognitive symptoms among patients with CFS, FM, and CFS/FM, no clear pattern emerges that the presence of one or both conditions is associated with different prevalence or severity of cognitive symptoms.
CFS and FM are associated with functional impairment, but the extent to which cognitive complaints contribute to impaired functional status is unknown. The Medical Outcomes Study Short-Form 36 (SF-36) [19] has been used to assess functional status in numerous studies. The SF-36 has eight subscales with scores that range from 0 to 100: Higher scores indicate better functioning, and the normal range is 80 and above [19] . In the present study, two of its subscales are of particular interest: physical functioning and bodily pain, because of their relevance for patients with chronic fatigue and pain. Studies that have compared the SF-36 scores of patients with CFS to those with CFS/ FM have found the scores for both groups to be significantly below normal limits, and have found physical functioning and bodily pain subscales to be significantly more impaired among patients with CFS and FM than among those with CFS alone [6, 7, 20] .
The present study sought to examine cognitive complaints and functional status among patients with CFS alone and CFS/FM, and the association of cognitive complaints with functional status over an 18-month longitudinal study. This study used a multi-dimensional self-report questionnaire of cognitive complaints, the Multiple Ability Self-Report Questionnaire (MASQ) [21] , which has been recommended for inclusion in the assessment of FM [22] and in clinical trials of FM [23] . Based on the results of previous studies, it was predicted that self-reported cognitive symptoms would not differ between patients with CFS and patients with CFS/FM, but that physical functioning and bodily pain would be worse among patients with CFS/FM compared to those with CFS alone. The final hypothesis was that more cognitive symptoms-specifically attention-concentration and memory, which are the two clusters of cognitive functions specifically identified in both CFS and FM case definitions-would be associated with worse functional status over time.
Patients and methods

Patients and procedures
Participants included 93 patients selected from a tertiary care fatigue clinic associated with a university-affiliated medical center between the ages of 18-65 who met criteria for chronic fatigue syndrome (CFS) [1] . These participants were evaluated on four occasions, each 6 months apart.
The medical and psychiatric evaluations consisted of: a set of laboratory tests which included a complete blood count with differential, erythrocyte sedimentation rate, 12-factor automated chemical analysis, liver function tests, thyroid-stimulating hormone, and any other tests deemed medically necessary to fully evaluate other potential causes of fatigue; a review of the patient's current and former medical records; a self-report questionnaire which probed for the presence and absence of all the major and minor CFS case criteria; and a computer-assisted structured psychiatric diagnostic interview, the Diagnostic Interview Schedule (DIS) version III-A [24] .
A physical examination also was conducted, including a tender point examination to determine whether FM was evident, consistent with the 1990 case criteria [12] . While 72 % of participants maintained the same FM classification from the first to the second examination, 23 % had fewer than 11 tender points at the index evaluation but more than 11 tender points at the second evaluation, consistent with FM, and 5 % had 11 or greater tender points at the first evaluation but fewer than 11 tender points at the second evaluation. The results of three participants' index visit tender point examinations were missing so their FM case status from their subsequent visits (which was stable over time in all three cases) was imputed for their index visit. FM case status was retained for analysis.
All sources of information were reviewed to ensure that potential participants met CFS case criteria: the self-report questionnaire about CFS case criteria; the medical, laboratory, and psychiatric evaluations; and review of past records. After the screening process, the study was explained to eligible subjects and they were invited to participate. The study was reviewed and approved by the IRB at the authors' institution; all participants indicated informed consent by signing a consent form. A total of 169 patients met the above criteria and were asked to participate in the study; of those, 100 consented. Seven participants met criteria for idiopathic chronic fatigue [1] and were excluded from this study, for a final sample of 93 participants. Participants received an honorarium for each evaluation they completed. Further details regarding the sample and their longitudinal course over time have been described previously [25] .
Measures
The participants completed self-report questionnaires that yielded measures of functional status and cognitive symptoms.
Functional status
The SF-36 [19] , described above, was used to evaluate functional status. The physical functioning and bodily pain scores were retained for analysis: These scores are relevant to both CFS and FM, and have been shown to be sensitive to change in clinical status over time in previous studies [22, 23, 25, 26] .
Cognitive complaints
The Multiple Ability Self-Report Questionnaire (MASQ) [21] assesses the degree of difficulty in performing 38 specific cognitive tasks. The MASQ is scored for five scales: (a) language, (b) visuo-perceptual ability, (c) verbal memory, (d) visual memory, and (e) attention/concentration. The average item value on a 1 (''never'' experiences difficulties) to 5 (''always'' experiences difficulties) for each scale was retained; greater self-reported cognitive impairment is indicated by higher scores. MASQ scores have been demonstrated to have modest concurrent validity with the results of the neuropsychological tests that assessed complementary domains of cognitive function [21] .
Data analysis
Participants were classified as meeting only CFS case criteria or both CFS and FM case criteria (CFS and CFS/FM, respectively) at the index evaluation. These samples were compared using t or Fisher's exact tests for parametric and nonparametric comparisons with small cell sizes, respectively. These comparisons were conducted for sociodemographic variables, self-reported cognitive symptoms, and functional status variables. Hierarchical linear models (HLM) were used to test change in cognitive symptoms over time with fixed effects for time (elapsed days since the index visit), random effects for the intercept, and evaluation visit as a repeated measure. HLM also was used to identify cognitive complaints that were associated with functional status (with separate analyses for the dependent variables of physical functioning and bodily pain), with fixed effects for time (elapsed days since the index visit) and MASQ subscales, random effects for the intercept, and evaluation visit as a repeated measure. These analyses were conducted separately for participants meeting only CFS case criteria and for participants meeting both CFS and FM case criteria. Table 1 shows the results of the comparisons of participants with CFS (n = 50) and with CFS/FM (n = 43) with regard to sociodemographic characteristics. Overall, the participants averaged about 44 years of age with no significant difference between the CFS and CFS/FM samples. Most participants were female; the CFS/FM sample contained proportionally more women (95 %) than did the CFS sample (75 %). As reported previously, these participants were mostly non-Hispanic white (93 %), unemployed (63 %), who had complete 2 years of education beyond high school on average [25] .
Results
Sample characteristics
Group differences in functional status, cognitive symptoms, and change in cognitive symptoms over time Table 1 also shows the means and SD for physical functioning, bodily pain, and cognitive complaints from participants' index research evaluation, and comparisons of the CFS versus CFS/FM subgroups. Participants with CFS/ FM reported significantly worse physical functioning and more bodily pain than participants with CFS only, consistent with our hypothesis. It should be noted that both groups' average values of these SF-36 subscales were in the clinically impaired range (i.e., \80).
However, our prediction that the CFS and CFS/FM groups would not differ in terms of cognitive complaints was not uniformly supported. Consistent with this hypothesis, the groups did not differ significantly in terms of their language, attention/concentration, and visuospatial memory complaints. However, both visuo-perceptual ability and verbal memory were more impaired among participants with CFS/FM than among those with CFS alone. Both groups' MASQ scores on all subscales averaged several SD above healthy individuals' average MASQ scores [21, 27, 28] , suggesting perceptions of significant cognitive impairment in all domains. CFS/FM average scores were comparable to published averages for FM-only samples [27, 28] . 1 HLM analyses found no significant change in any MASQ score over time (Fs ranged from 0.004 for language to 1.32 for verbal memory, all ns), so only participants' average scores from the index visit are presented in Table 1 .
Association of cognitive symptoms with functional status over time
The final hypothesis was that cognitive symptoms would be associated with patients' functional status over time. Timevarying fixed effects of elapsed days (based on the number of days since the participant's index research evaluation) and the five MASQ variables were used to predict the SF-36 dependent variables of bodily pain and physical functioning in separate HLM analyses; these analyses were conducted for participants meeting only CFS case criteria and for participants meeting both CFS and FM case criteria. The results are presented in Table 2 . (Random effects for slope were tested but did not result in better models, i.e., in Bayesian Information Criteria decreases of C10 [29] ; thus, the analyses with elapsed days as fixed effects are reported.)
In terms of the dependent variable of physical functioning, for participants with CFS, less difficulty with visuo-perceptual abilities was associated with better physical functioning. For participants with CFS/FM, fewer language complaints were significantly associated with better physical functioning. Insignificant effects were found for the other MASQ scales.
In terms of the dependent variable of bodily pain, for participants with CFS, more elapsed days, and less difficulty with visuo-perceptual abilities and verbal memory were associated with less bodily pain. For participants with CFS/FM, less difficulty with verbal memory was significantly associated with less bodily pain. Insignificant effects were found for the other MASQ scales.
Discussion
This study of 93 patients with CFS, 43 of whom also met the 1990 criteria for FM [12] , examined self-reported cognitive complaints and functional status over an 18-month period. Our prediction that physical functioning and bodily pain would be worse among patients with both CFS and FM than among those with CFS alone was supported, and both groups' scores were in the clinically impaired range. The literature review did not lead us to predict differences in self-reported cognitive symptoms between patients with CFS alone and patients with CFS and FM, and no significant differences were found for language, attention-concentration, and visuospatial memory difficulties. However, more visuo-perceptual problems and verbal memory difficulties were reported among patients with both CFS and FM than among those with CFS 1 We used the average item value for each MASQ scale, consistent with the original MASQ article [21] . Other studies [26] [27] [28] have reported total scores across items for each scale. Average item values for each scale can be compared to total scores for each scale by multiplying the average item value by eight for all scales except visuo-perceptual ability, which is multiplied by 6. alone. Of note, participants' self-reported cognitive symptoms did not change over time, and were comparable to published FM-only values [27, 28] , and were significantly worse than healthy persons' published values [21, 27] . These findings of more severe self-reported difficulties in several areas of cognitive function among those with FM in addition to CFS, and that these scores were in the clinically impaired range, may lend support to the recent addition of cognitive difficulties to the FM case criteria [11] . The final hypothesis that attention-concentration and memory-two cognitive functions specifically identified in both the CFS [1] and newest FM [11] case definitionswould be associated with worse functional status over time was partially supported. For both CFS and CFS/FM groups, verbal memory difficulties were associated with bodily pain, consistent with our predictions and the inclusion of memory difficulties in the CFS and FM case criteria [1, 11] . However, attention-concentration problems were not associated with either functional status measure for either participant group. The attention-concentration difficulties experienced by patients with CFS and FM may more subtle-for example, entailing divided attention and other more complex attentional processes-than those assessed by the MASQ, which asks about mind wandering, keeping one's train of thought, and so forth. Beyond our predictions regarding memory and attention-concentration, we found that additional cognitive complaints were associated with functional status: Fewer language complaints were associated with better physical functioning for CFS/ FM participants, and fewer problems with visuo-perceptual abilities were associated with better physical functioning and less bodily pain for participants who met criteria for CFS but not FM. The MASQ's visuo-perceptual scale includes items related to getting lost, estimating distances, and map reading. A proportion of patients with CFS become housebound, which has been attributed to symptom severity [30] ; the results of the present study suggest that patients' perceived video-perceptual cognitive symptoms involved in successfully negotiating travel away from home might be related to functional limitations. Taken together, these results were largely consistent with our hypotheses with the exception that attention-concentration complaints, which are highlighted in the CFS case definition, were not significantly associated with either measure of functional status.
These results add to the literature in several ways. There have been few previous comparisons of functional status, longitudinal course, and cognitive difficulties among patients with CFS, and among patients with FM in addition to CFS. The present study suggests that patients with both conditions are more disabled, have more cognitive complaints, and recover more slowly over time. Other novel results concern the associations of cognitive difficulties with functional status. These associations may have other implications for these patients' lives, which could be examined in future research. For example, do language difficulties, such as difficulties following conversations, finding words, and expressing oneself, mean that patients may not be able to fully engage in treatment, such as following directions for a complex rehabilitation program? Such problems could result in poorer physical functioning, as was found among the participants with both CFS and FM in this sample.
The study was not without weaknesses, which included the lack of a participant group with FM only, which could help unravel the relative contributions of fatigue and/or pain to the perception of cognitive difficulties. The MASQ has been validated by comparing self-reported difficulties with the results of objective neuropsychological tests [21] : Patients with CFS [31] and FM [17] demonstrate cognitive impairments, and the alignment between subjective and objective measures of cognitive problems has been acceptable in patients with FM [17] , but has not been robust in patients with CFS [32] . Future research could complement self-report data by the inclusion of neuropsychological testing.
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